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PATTERN INSPECTION APPARATUS FOR
DETECTING A PATTERN DEFECT

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.

2016-141737 filed on Jul. 19, 2016 in Japan, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

Embodiments of the present invention relate generally to
a pattern inspection apparatus, and, for example, to an
ispection apparatus for inspecting defects of a pattern,
whose size 1s smaller than the resolution limit of an 1spec-
tion light, formed on a template used for nanoimprint
technology.

Description of Related Art

In recent years, nanoimprint lithography (NIL) has
attracted attention as a technology for forming micropat-
terns. According to this technology, by pressing a mold (die)
having a nanoscale microstructure onto a resist on a semi-
conductor water, micropatterns are formed on the resist. In
the nanoimprint technology, a plurality of duplicate tem-
plates (replica templates) are created using a master template
as the original, and, each replica template 1s placed on a
different nanoimprint apparatus to be used. The replica
template needs to be produced to accurately correspond to
the master template. Therefore, not to mention the master
template, high accuracy is required when a pattern on the
replica template 1s evaluated.

Regarding an exposure apparatus typified by a stepper
apparatus which exposes/transiers a pattern onto a resist film
on a water, a pattern formed on the exposure mask substrate
1s reduced to, for example, one-fourth to be exposed/trans-
terred. By contrast, in the nanoimprint technology, since a
pattern formed on the template 1s exposed/transierred with-
out magnification or reduction, the formed pattern size itself
1s originally small. Conventionally, in an 1spection appa-
ratus, the shape of a pattern 1s specified by 1rradiating a
pattern forming surface with an ultraviolet light as an
ispection light. However, with recent miniaturization, since
the size of a pattern formed on the template 1s less than the
wavelength of a light used for the ispection apparatus, and
smaller than the resolution limit, it becomes diflicult to
directly specity the pattern shape.

Patterns formed on the template are in many cases repeti-
tive patterns having a periodic regularity, such as typified by
line and space patterns. If there 1s a defect in such a
repetitive pattern with a periodic regularity, disturbance
(disorder) of the perniodicity occurs. When the defective
portion at which the periodicity 1s disturbed 1s 1mage-
captured, disturbance occurs 1n a polarization state of light
of the pattern image. Therefore, 1t 1s now examined to
ispect a pattern defect by detecting an image-captured
position where disturbance occurs in the polarization state
(e.g., refer to Japanese Unexamined Patent Publication No.
2014-157142).

Regarding the polarization state, i a repetitive pattern 1s
irradiated with, for example, a light with a polarization
direction parallel to the longitudinal direction of a line

10

15

20

25

30

35

40

45

50

55

60

65

2

pattern of the repetitive pattern, disturbance does not occur
or 1s unlikely to occur 1n the polarization state of light of an

acquired pattern image. Therefore, the polarization angle of
the 1llumination light should be adjusted so as not to be 1n
the same direction as the longitudinal direction of the line
pattern. Regarding an 1llumination optical system, a mirror
1s generally used 1n the optical path of the system. When an
illumination light such as described above 1s retlected by the
mirror, disturbance often occurs in the polarization state of
the reflected 1llumination light. Therefore, even 11 a repeti-
tive pattern, being smaller than the resolution limit and
having a periodic regularity, 1s irradiated with the i1llumina-
tion light 1n which the polarization state disturbance has
occurred, 1t 1s dithicult to determine whether the disturbance
ol the polarization state of light of an acquired pattern image
1s caused by the mirror or by a pattern defect.

BRIEF SUMMARY OF THE INVENTION

According to one aspect of the present invention, a pattern
inspection apparatus includes a first half-wave plate config-
ured to recerve an ultraviolet light linearly polarized 1n a first
clectric field oscillation direction, and output a linearly
polarized light polarized 1n a second electric field oscillation
direction obtained by rotating the first electric field oscilla-
tion direction of the ultraviolet light by an integer multiple
of 90°, a mirror configured to reflect the linearly polarized
light polarized in the second electric field oscillation direc-
tion, and output a linearly polarized light polarized 1n a third
clectric field oscillation direction parallel or orthogonal to
the second electric field oscillation direction, a second
half-wave plate configured to convert the linearly polarized
light polarized in the third electric field oscillation direction,
which has been reflected, to a linearly polarized light polar-
1zed 1n a fourth electric field oscillation direction by rotating
the linearly polarized light polarized in the third electric field
oscillation direction by an angle different from an integer
multiple of 90° so as to output the linearly polarized light
polarized in the fourth electric field oscillation direction, a
stage configured to mount thereon a substrate, on which a
repetitive pattern having a size smaller than a resolution
limit of the ultraviolet light 1s formed, such that the repeti-
tive pattern 1s repeated 1n a direction parallel or orthogonal
to the third electric field oscillation direction, an objective
lens configured to make the linearly polarized light rotated
in the fourth electric field oscillation direction by the second
half-wave plate 1lluminate the repetitive pattern formed on
the substrate, and a sensor configured to receive a transmit-
ted light of the repetitive pattern smaller than the resolution
limit or a reflected light from the repetitive pattern smaller
than the resolution limit, which has been irradiated with the
linearly polarized light polarized in the fourth electric field
oscillation direction obtained by rotating the third electric
field oscillation direction by the angle different from the
integer multiple of 90° by the second half-wave plate.

According to another aspect of the present invention, a
pattern inspection method includes reflecting by a mirror an
ultraviolet light linearly polarized which 1s controlled to be
in an electric field oscillation direction where an electric
field oscillation direction of an incident light into the mirror
and an electric field oscillation direction of a reflected light
from the mirror are parallel to each other mn a case of
reflecting by the mirror the ultraviolet light linearly polar-
1zed; controlling the electric field oscillation direction of the
reflected light to be an angle diflerent from an integer
multiple of 90° relative to a periodic direction of a repetitive
pattern formed on a substrate repeating by a size smaller
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than a resolution limit of the ultraviolet light; irradiating the
substrate with the reflected light having been controlled to
be the angle different from the integer multiple of 90°
relative to the periodic direction of the repetitive pattern;
receiving a pattern image of the repetitive pattern, reflected
from the substrate, by a sensor through the mirror; and
inspecting the pattern image received by the sensor.

According to yet another aspect of the present invention,
a pattern mspection method includes reflecting by a mirror
an ultraviolet light linearly polarized which 1s controlled to
be 1n an electric field oscillation direction where an electric
field oscillation direction of an incident light into the mirror
and a travel direction of a reflected light from the mirror are
parallel to each other 1n a case of reflecting by the mirror the
ultraviolet light linearly polarized; controlling the electric
field oscillation direction of the reflected light to be an angle
different from an integer multiple of 90° relative to a
periodic direction of a repetitive pattern formed on a sub-
strate repeating by a size smaller than a resolution limit of
the ultraviolet light; imrradiating the substrate with the
reflected light having been controlled to be the angle dii-
ferent from the integer multiple of 90° relative to the
periodic direction of the repetitive pattern; recerving a
pattern 1mage of the repetitive pattern, reflected from the
substrate, by a sensor through the mirror; and inspecting the
pattern 1mage received by the sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a configuration of a pattern inspection
apparatus according to a first embodiment;

FIGS. 2A to 2C show examples of a repetitive pattern
formed on an inspection substrate according to the first
embodiment;

FIG. 3 shows an example of a relation between a repeti-
tive pattern and a polarization state of an 1llumination light
according to the first embodiment;

FIG. 4 shows an example of a polarization state on an
optical path according to a comparative example to the first
embodiment;

FIGS. 5A and 5B show an example of a polarization state
of light reflected by a mirror according to the first embodi-
ment,

FIG. 6 shows an example of a polarization state in an
optical path according to the first embodiment; and

FIG. 7 1s a conceptual diagram 1llustrating an inspection
region according to the first embodiment.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

First Embodiment

A first embodiment of the present invention describes an
inspection apparatus which can detect a pattern defect even
when a repetitive pattern, being smaller than the resolution
limit and having a periodic regularity, 1s irradiated using an
i1llumination optical system where a mirror 1s arranged on an
optical path.

FIG. 1 illustrates a configuration of a pattern inspection
apparatus according to the first embodiment. As shown 1n
FIG. 1, an mspection apparatus 100 that mspects defects of
a pattern formed on a substrate 101 (example of mspection
substrate) includes an optical image acquisition mechanism
150 and a control system circuit 160 (control circuit).

The optical image acquisition mechanism 150 includes a
light source 103, a reflection 1llumination optical system 170
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composed of one or more lenses, a polarization beam splitter
172, a half-wave plate (or “half-wave retarder”) 174, a
mirror 176, a half-wave plate 178, an objective lens 104, an
XY0 table 102 arranged movably, an image forming optical
system 173 composed of one or more lenses, a mirror 180,
a polarization beam splitter 182, a sensor 105, a sensor
circuit 106, a stripe pattern memory 123, and a laser length
measuring system 122. On the XYO0 table 102, there 1s
placed the substrate 101 (example of inspection substrate)
transmitted from a cassette 300. The substrate 101 1s, for
example, a template used for nanoimprint for transferring a
pattern onto a waler being a semiconductor substrate. On
this template, there 1s formed a repetitive pattern having a
s1ze smaller than the resolution limit of light emitted from
the light source 103. For example, a line and space pattern
1s formed as a repetitive pattern. Alternatively, for example,
a hole pattern 1s formed. The substrate 101, for example,
with 1ts pattern forming surface facing downward 1s
arranged on the XY0 table 102. It 1s preferable to use, as the
sensor 105, for example, a line sensor or a two-dimensional
sensor 1 which a photodiode array 1s mounted. Desirably, it
1s more preferable to use a TDI (Time Delay Integration)
SEeNsor.

In the control system circuit 160, a control computer 110
1s connected, through a bus 120, to a position circuit 107, a
comparison circuit 108, an autoloader control circuit 113, a
table control circuit 114, a magnetic disk device 109, a
magnetic tape device 115, a flexible disk device (FD) 116, a
CRT 117, a pattern monitor 118, and a printer 119. The
sensor circuit 106 1s connected to the stripe pattern memory
123 which 1s connected to the comparison circuit 108. The
XY0 table 102 1s driven by the motors of the X-axis, Y-axis,
and 0-axis.

In the inspection apparatus 100, an spection optical
system with large magnification 1s composed of the light
source 103, the retlection illumination optical system 170,
the polarization beam splitter 172, the halif-wave plate 174,
the mirror 176, the half-wave plate 178, the objective lens
104, the image forming optical system 173, the mirror 180,
the polarization beam splitter 182, the sensor 105, and the
sensor circuit 106. For example, an inspection optical sys-
tem with magnification of 200 to 300 times 1s configured.

The XYO table 102 1s dniven by the table control circuit
114 under the control of the control computer 110. The XY0
table 102 can be moved by a drive system such as a
three-axis (X, Y, and 0) motor, which drives the table 1n the
directions of X, y, and 0. For example, a linear motor can be

used as each of these X, Y, and 0 motors. The XY0 table 102
1s movable in the horizontal direction and the rotation
direction by the motors of the X-, Y-, and 0-axis. The XYO0O
table 102 1s adjusted to the focus position (optical axis
direction: 7Z axis direction) where an image of the pattern
forming surface of the substrate 101 1s focused on the sensor
105 under the control of the control computer 110. The
movement position of the substrate 101 placed on the XY0
table 102 1s measured by the laser length measuring system
122, and supplied to the position circuit 107.

FIG. 1 shows structure elements necessary for describing
the first embodiment. It should be understood that other
structure elements generally necessary for the mnspection
apparatus 100 may also be included therein.

FIGS. 2A to 2C show examples of a repetitive pattern
formed on an inspection substrate according to the first
embodiment. As shown in FIGS. 2A to 2C, a line and space
pattern in which a line pattern 12 and a space pattern 14 are
alternately repeated with a periodicity 1s formed on the
substrate 101. With the recent pattern miniaturization, the
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line pattern 12 and the space pattern 14 are alternately
repeated by a line width size of 50 nm or less, for example.
With respect to patterns formed on the substrate 101, a
defect occurs, such as a short defect (A) due to shorting
between connected line patterns 12 as shown in FIG. 2A,
and an open defect (B) due to breaking 1n the line pattern 12
as shown 1n FIG. 2B. In addition, as shown in FIG. 2C, a
dimensional disorder (edge roughness) (C) occurs at the
edge part of the line pattern 12 (the space pattern 14). Since
the short defect (A) and the open defect (B) lead to failure
of a semiconductor circuit, they should be detected by the
ispection apparatus 100. Regarding the light source 103, a
laser beam (e.g., DUV light) (example of ultraviolet light)
with a wavelength of about 190 to 200 nm, for example, 1s
emitted as an inspection 1llumination light theretrom. How-
ever, a repetitive pattern smaller than the resolution limit of
ultraviolet light 1s formed on the substrate 101. Accordingly,
even 1i the repetitive pattern smaller than the resolution limait
1s 1rradiated with an 1llumination light for inspection so that
the sensor 105 can capture its transmission 1image or reflec-
tion 1mage, since the image acquired 1s blurred, 1t 1s dithcult
to 1dentily the shapes of the line pattern 12 and the space
pattern 14.

Then, according to the first embodiment, a defective
portion 1s specified by utilizing the phenomena that 1t there
1s a defect 1n a repetitive pattern with a periodic regularity,
disturbance (disorder) occurs in the periodicity, and that 11 a
defective portion where periodicity disturbance occurs 1s
image-captured, disturbance (disorder) occurs in the polar-
1ization state of light of the pattern image. Furthermore, since
a dimension error of the short defect (A) or the open defect
(B) 1s larger than that of the edge roughness (C), periodicity
disturbance appears larger than that of the edge roughness
(C). Theretfore, by utilizing such difference, 1t 1s possible to
distinguish the short defect (A) and the open defect (B)
resulting in failure of an electronic circuit from the edge
roughness (C) not resulting in failure of an electronic circuat.

FIG. 3 shows an example of a relation between a repeti-
tive pattern and a polarization state of an illumination light
according to the first embodiment. Here, the case of a
linearly polarized 1llumination light 1s described. I1 a repeti-
tive pattern 1s irradiated with a linearly polarized light with
a polarization direction parallel to the longitudinal direction
of the line pattern 12, for example, of the repetitive pattern,
disturbance does not occur or 1s unlikely to occur in the
polarization state of light of an acquired pattern image.
Theretfore, the linearly polarized light with a polarization
direction being the same as the longitudinal direction (y
direction in FIG. 3) of the line pattern 12, for example, of the
repetitive pattern cannot be used (NG) as an 1llumination
light. By contrast, 1f a repetitive pattern 1s 1rradiated with a
linearly polarized light with a polarization direction (x
direction 1 FIG. 3) orthogonal to the longitudinal direction
of the line pattern 12, for example, of the repetitive pattern,
disturbance of the polarization state can be measured. How-
ever, 1t 1s dithicult for the inspection apparatus 100 to identily
in which direction the longitudinal direction (direction
orthogonal to repeating direction) of the line pattern 12, for
example, of the repetitive pattern faces on the inspection
substrate 101. Therefore, for example, even if the linearly
polarized light with a polarization direction 1n the x direction
shown 1 FIG. 3 1s used as the illumination light, 1t the
direction of the repetitive pattern formed on the substrate
101 differs from the direction 1 FIG. 3 by 90°, 1t becomes
difficult to measure disturbance of the polarization state.
Accordingly, there 1s a risk in using the linearly polarized
light with a polarization direction 1n the x direction as the
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illumination light. Usually, however, the direction of the
repetitive pattern formed on the substrates 101 such as a
template 1s parallel or orthogonal to the x, or y direction
which has been set previously for the substrate 101. There-
fore, 1 the repetitive pattern 1s wrradiated with a linearly
polarized light with a polarization direction not in the x or
y direction which has been set previously for the substrate
101, but, for example, i the 45° direction (45° direction
from the x axis 1n FIG. 3), disturbance of the polarization
state can be measured 1rrespective of the direction of the
repetitive pattern formed on the substrate 101.

FIG. 4 shows an example of a polarization state on an
optical path according to a comparative example to the first
embodiment. In FIG. 4, lenses other than the objective lens
104 are not shown. FIG. 4 shows the case in which the
substrate 101 1s arranged to be parallel with the x-y plane
configured by x and vy axes 1n the X, y, and z axes mutually
orthogonal, and in which the repetitive pattern 1s repeated 1n
the y direction (90° from the x axis in the x-y plane) (1n the
case of the longitudinal direction of the line pattern 12 being
in the x direction (0° from the x axis 1n the x-y plane). The
light source 103 emits a linearly polarized ultraviolet light
(e.g., P wave) (1'-1) which travels 1n the y direction and
whose polarization direction (electric field oscillation direc-
tion) 1s the z direction (90° from the x axis 1n the x-z plane).
This ultraviolet light (1'-1) enters the polarization beam
splitter 172. The polarization beam splitter 172 makes the
light (e.g., P wave) which travels in the y direction and
whose polarization direction (electric field oscillation direc-
tion) 1s the z direction (90° from the x axis 1n the x-z plane)
pass therethrough. Therefore, while maintaining the polar-
ization state, the linearly polarized ultraviolet light (1'-1)
passes through the polanization beam splitter 172. The
linearly polarized ultraviolet light (1'-2) having passed
through the polarization beam splitter 172 enters the hali-
wave plate 175 whose angle of the crystal axis (or “optical
axis of half-wave plate™) 1s set at —22.5° with respect to the
X axis in the x-z plane. The halt-wave plate 175 whose angle
of the crystal axis 1s set at —22.5° rotates by —-435° the
polarization direction (electric field oscillation direction) of
the light (e.g., P wave) which travels in the y direction and
whose polarization direction 1s the z direction (90° from the
x axis in the x-z plane). Therefore, 1n this case, the linearly
polarized ultraviolet light (1'-2) with a polarization direction
rotated by —45° (45° from the x axis 1n the x-z plane) passes
through the half-wave plate 175. Thereby, the ultraviolet
light (1'-3) having passed through the half-wave plate 175 1s
a linearly polarized light which travels in the y direction and
whose polarization direction 1s 45° with respect to the x axis
in the x-z plane. The linearly polarized ultraviolet light (1'-3)
1s reflected in the z direction by the mirror 176. Then, the
ultraviolet light (1'-4) retlected by the mirror 176 1s focused
by the objective lens 104 so as to 1rradiate the surface of the
substrate 101, as an illumination light. Ideally, the ultraviolet
light (1'-4) should become a linearly polarized ultraviolet
light which travels 1n the z direction and whose polarization
direction (electric field oscillation direction) 1s 45° from the
X axis in the x-y plane, and 1rradiate the repetitive pattern.
Thereby, disturbance of a polarization state due to a pattern
defect 15 to be measured 1rrespective of the direction of the
repetitive pattern formed on the substrate 101. However,
when the linearly polarized ultraviolet light (1'-3) as
described above 1s retlected by the mirror 176, disturbance
occurs 1n the polarization state of the reflected ultraviolet
light (1'-4) 1n many cases.

FIGS. SA and 5B show an example of a polarization state
of light reflected by a mirror according to the first embodi-
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ment. As shown 1n FIG. SA, 1f a linearly polarized light with
a polanization direction at 45° 1s orthogonally reflected by
the mirror 176, disturbance occurs in the polarization state
of the linearly polarized light with a polarization direction at
45°. For example, as shown 1 FIG. 5B, 1t becomes the
polarization state where the linearly polarized light with a
polarization direction at 45° and polarnization disturbance
components such as elliptical polarization are combined.
Although an unpolarized mirror can be made techmcally,
since a huge cost will be incurred, it 1s not realistic.
Theretore, the polarization state of the ultraviolet light (1'-4)
after being retlected by the mirror 176 shown 1n FIG. 4 1s a
polarization state where the linearly polarized light with a
polarization direction at 45° and polarization disturbance
components such as elliptical polarization are combined, for
example. If a repetitive pattern being smaller than the
resolution limit and having a periodic regularity 1s irradiated
with the ultraviolet light (1'-4) 1n the polarization state where
the linear polarization at 45° has been disturbed, disturbance
(dotted line) of the polarization state, resulting from a
pattern defect, 1s further added to the ultraviolet light (2'-1)
reflected from the substrate 101. In the return path from the
substrate 101, the polarization state of the ultraviolet light
(2'-2) after retlection will further be disturbed because the
ultraviolet light (2'-1) 1s retlected by the mirror 176.

Next, 1n the return path, the ultraviolet light (2'-2) enters
the halt-wave plate 175. Therefore, here, the ultraviolet light
(2-2) passes through the half-wave plate 175, with a polar-
1zation direction rotated by 45° (90° from the x axis in the
x-z plane). Thereby, the ultraviolet light (2-3) having passed
through the half-wave plate 175 1s an ultraviolet light
traveling in the y direction and having a polarization state
where a component of a linearly polarized light at 90° with
respect to the x axis in the x-z plane, and polarization
disturbance components such as elliptical polarization, etc.
are combined.

Further, in the return path, the ultraviolet light (2'-3)
enters the polarization beam splitter 172. In the ultraviolet
lights (2'-3), the component of a linearly polarized light at
90° with respect to the x axis in the x-z plane passes through
the polarization beam splitter 172. On the other hand, with
respect to, for example, an elliptical polarization component

being a polarization state disturbance, a part (component of

a linearly polarized light at 0° with respect to X axis 1 x-z
plane: S wave component) of the component 1s reflected by
the polarization beam splitter 172. The ultraviolet light (2'-4)
of the linearly polarized light component to be at 0° with
respect to the x axis in the x-z plane, reflected by the
polarization beam splitter 172, enters the sensor 103.
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Thereby, the sensor 1035 can capture an 1mage composed of 50

components including a polarization state disturbance.

However, the image captured by the sensor 105 1n the
structure of the comparative example 1s just an 1mage
resulting from a polarization state where polarization state
disorder caused by the mirror 176 in the forward path,
polarization state disorder occurred 1n the substrate 101, and
polarization state disorder caused by the mirror 176 in the
return path are mixed. Therefore, 1t 1s diflicult to determine
whether an acquired pattern 1mage 1s resulting from polar-
ization state disorder caused by a mirror or resulting from
polarization state disorder caused by a pattern defect.

By contrast, according to the first embodiment, 1t 1s
structured such that the mirror 176 does not generate dis-
turbance 1n the polarization state of an 1llumination light, in
the forward path.

FIG. 6 shows an example of a polarization state in an
optical path according to the first embodiment. In FIG. 6,
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lenses other than the objective lens 104 are not shown. In
FIG. 6, the substrate 101 on which there 1s formed a
repetitive pattern having a size smaller than the resolution
limit of the ultraviolet light concerned used as an 1inspection
light 1s arranged on the XYO0 table table 102 (stage) such that
the substrate 101 1s parallel with the x-y plane configured by
x and y axes 1n the X, y, and z axes mutually orthogonal, and
the repetitive pattern 1s repeated 1n the direction parallel or
orthogonal to the x direction (0° from the x axis in the x-y
plane) (third electric field oscillation direction). FIG. 6
shows the case where the substrate 101 1s arranged to be
parallel with the x-y plane configured by x and y axes 1n the
X, v, and z axes mutually orthogonal, and the repetitive
pattern 1s repeated 1n the y direction (90° from the x axis in
the x-y plane) (in the case of the longitudinal direction of the
line pattern 12 being 1n the x direction (0° from the x axis
in the x-y plane).

The light source 103 emits a linearly polarized ultraviolet
light (e.g., P wave) (1-1) which travels 1n the y direction and
whose polarization direction (electric field oscillation direc-
tion) 1s the z direction (90° from the x axis 1n the x-z plane).
The polarization state of this ultraviolet light (1-1) may be
adjusted using a polarization element (not shown) after
being emitted from the light source 103.

This ultraviolet light (1-1) enters the polarization beam
splitter 172 arranged 1n the optical path between the light
source 103 and the half-wave plate 174 (first half-wave
plate). The polarization beam splitter 172 makes the light
(e.g., P wave) which travels 1n the y direction and whose
polarization direction (electric field oscillation direction) 1s
the z direction (90° from the x axis in the x-z plane) pass
therethrough. Therefore, while maintaining the polarization
state, the linearly polarized ultraviolet light (1-1) passes
through the polarization beam splitter 172.

In the forward path, the linearly polarized ultraviolet light
(1-2) having passed through the polarization beam splitter
172 enters the halt-wave plate 174 whose angle of the crystal
axis 1s set at, for example, O or 45° with respect to the x axis
in the x-z plane. The half-wave plate 174 (first half-wave
plate) recerves the linearly polarized ultraviolet light (1-2)
traveling 1n the y direction and having a polarization direc-
tion (first electric field oscillation direction) in the z direc-
tion (90° from the axis in the x-z plane), and outputs a
linearly polarized light whose polarization direction (second
clectric field oscillation direction) 1s obtained by rotating the
polarization direction (first electric field oscillation direc-
tion) of the ultraviolet light (1-2) by an integer multiple of
90°. For example, the half-wave plate 174, whose angle of
the crystal axis 1s set at 45°, rotates by 90° the polarization
direction (electric field oscillation direction) of a light (e.g.,
P wave) traveling in the y direction and having a polarization
direction 1n the z direction (90° from the x axis in the x-z
plane). Therefore, in this case, the linearly polarized ultra-
violet light (1-2) with a polarization direction rotated by 90°
(0 or 180° from the x axis in the x-z plane) passes through
the halt-wave plate 174. Thereby, the ultraviolet light (1-3)
having passed through the half-wave plate 174 1s a linearly
polarized light which travels 1n the y direction and whose
polarization direction 1s 0° with respect to the x axis in the
x-z plane.

For example, the half-wave plate 174, whose angle of the
crystal axis 1s set at 0°, rotates by 0° the polarization
direction (electric field oscillation direction) of a light (e.g.,
P wave) traveling in the y direction and having a polarization
direction 1n the z direction (90° from the x axis in the x-z
plane). In other words, the polarization direction 1s main-
tamned. Therefore, 1n this case, the linearly polarized ultra-
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violet light (1-2) with a maintained polanzation direction
state (90° from the x axis in the x-z plane) passes through the
half-wave plate 174. Thereby, the ultraviolet light (1-3)
having passed through the half-wave plate 174 1s a linearly
polarized light which travels 1n the y direction and whose
polarization direction 1s 90° with respect to the x axis 1n the
x-z plane. Note that, hereafter, description 1s continued on
the assumption that the polarization direction is rotated by
90° by the half-wave plate 174.

The linearly polarized ultraviolet light (1-3) 1s reflected in
the z direction by the mirror 176. The mirror 176 retlects the
linearly polarized light traveling in the y direction and
having a polarization direction (example of second electric
field oscillation direction) at 0° with respect to the x axis 1n
the x-z plane, and outputs a linearly polarized light with a
polarization direction (third electric field oscillation direc-
tion) parallel or orthogonal to the polarization direction
(example of second electric field oscillation direction) at 0°
with respect to the x axis in the x-z plane. For example, the
linearly polarized ultraviolet light (1-3) traveling in the y
direction and having a polarization direction (second electric
field oscillation direction) 1n the x direction (0° from the x
axis 1n the x-z plane) enters the mirror 176 which performs
reflection 1n the z direction. Here, by making the linearly
polarized ultraviolet light (1-3) traveling in the y direction
and having a polarization direction (second electric field
oscillation direction) in the x direction (0° from the x axis 1n
the x-z plane) enter the mirror 176 which performs reflection
in the z direction, 1t becomes possible to avoid generating
polarization state disturbance 1n the reflected linearly polar-
1zed ultraviolet light (1-4). In the case of performing retlec-
tion 1n the z direction, since it retlects axial-symmetrically,
the reflected linearly polarized ultraviolet light (1-4) 1s a
linearly polarized light traveling in the z direction and
having a polarization direction (third electric field oscillation
direction) at 0° from the x axis 1n the x-y plane. Therefore,
no phase diflerence occurs before and after the light inci-
dence, and no polarization state disturbance occurs 1n the
reflected linearly polarized ultraviolet light (1-4). Thereby,
according to the first embodiment, 1t 1s possible to suppress
polarization state disturbance caused by the mirror 176 in
the forward path. As described above, 1n the case of reflect-
ing a linearly polarized ultraviolet light by the mirror 176,
the linearly polarized ultraviolet light (1-3) 1s controlled to
be 1n the electric field oscillation direction where the electric
field oscillation direction of the incident light to the mirror
176, and the electric field oscillation direction of the
reflected light from the mirror 176 are parallel. Then, the
controlled linearly polarized ultraviolet light (1-3) 1s
reflected by the mirror 176. This eflect can also be similarly
acquired 1n the case of incidence of the linearly polanized
ultraviolet light (1-3) traveling 1in the vy direction and having,
a polarization direction (another example of second electric
field oscillation direction) 1n the z direction (90° from the x
axis 1n the x-z plane). In such a case, the reflected linearly
polarized ultraviolet light (1-4) 1s a linearly polarized light
traveling 1n the z direction and having a polarization direc-
tion (another example of third electric field oscillation
direction) at 90° from the x axis 1n the x-y plane. In such a
case, when reflecting the linearly polarized ultraviolet light
(1-3) by the mirror 176, the linearly polarized ultraviolet
light (1-3) 1s controlled to be 1n the electric field oscillation
direction where the electric field oscillation direction of the
incident light to the mirror 176, and the travel direction of
the retlected light from the mirror 176 are parallel.

However, when the linearly polarized ultraviolet light
(1-3) traveling 1n the vy direction and having a polarization
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direction (second electric field oscillation direction) 1n the x
direction (0° from the x axis 1n the x-z plane) enters the
mirror 176 which performs reflection in the z direction, the
reflected linearly polarized ultraviolet light (1-4) 1s a linearly
polarized light traveling in the z direction and having a
polarization direction (third electric field oscillation direc-
tion) at 0° from the x axis in the x-y plane. Therefore, 11 the
linearly polarized light remains as 1t 1s, it becomes perpen-
dicular (or parallel to longitudinal direction (x direction) of
the line pattern 12) to the repeating direction (y direction) of
the repetitive pattern. Then, according to the first embodi-
ment, the polarization direction 1s shifted using the hali-
wave plate 178. In other words, the electric field oscillation
direction of the reflected light from the mirror 176 1is
controlled to be an angle different from an integer multiple
of 90° relative to the periodic direction of the repetitive
pattern formed on the substrate repeating by the size smaller
than the resolution limait of the ultraviolet light. Also, 1n the
case of using the linearly polarized ultraviolet light (1-4)
which travels in the z direction and whose polarization
direction (another example of third electric field oscillation
direction) 1s 90° from the x axis in the x-y plane, it is
similarly controlled to be an angle different from an integer
multiple of 90° relative to the periodic direction of the
repetitive pattern.

In the forward path, the linearly polarized ultraviolet light
(1-4) retlected by the mirror 176 enters the halt-wave plate
178 whose angle of the crystal axis 1s set at, for example,
22.5° with respect to the x axis in the x-y plane. The
half-wave plate 178 (second haltf-wave plate) converts a
reflected linearly polarized light, which travels 1n the z
direction and whose polarization direction (third electric
field oscillation direction) 1s 0° from the x axis 1n the x-y
plane, into a linearly polarized ultraviolet light (1-5) whose
polarization direction (fourth electric field oscillation direc-
tion) 1s rotated by an angle different from an 1integer multiple
of 90°, and outputs the linearly polarized ultraviolet light
(1-5). For example, 1f the angle of the crystal axis 1s 22.5°,
the polarization direction at 0° from the x axis 1n the x-y
plane can be rotated to the polarization direction at 45° from
the x axis 1n the x-y plane.

In the forward path, the ultraviolet light (1-5) having
passed through the half-wave plate 178 enters the objective
lens 104. The objective lens 104 makes the linearly polar-
ized ultraviolet light (1-5) with a polarization direction
(fourth electric field oscillation direction) rotated to be 45°
from the x axis 1n the x-y plane by the half-wave plate 178
illuminate the repetitive pattern formed on the substrate 101.
Specifically, the objective lens 104 focuses, as an 1llumina-
tion light, the ultraviolet light (1-5) having passed through
the half-wave plate 178 onto the surface of the substrate 101
to be irradiated. Thereby, the ultraviolet light (1-5), as a
linearly polarized ultraviolet light traveling 1n the z direction
and having a polarization direction (fourth electric field
oscillation direction) at 45° from the x axis in the x-y plane,
can 1rradiate a repetitive pattern. Therefore, disturbance of
the polarization state caused by a pattern defect can be
measured from the reflected 1image irrespective of the direc-
tion of the repetitive pattern formed on the substrate 101.

As described above, by rotating the polarization direction
of the ultraviolet light (1-4) by the haltf-wave plate 178, the
polarization direction can be a shifted angle diflerent from a
direction parallel or orthogonal to the repeating direction
(direction orthogonal to longitudinal direction of the line
pattern 12) of a repetitive pattern.

Although 45° 1s desirable as the angle for rotating the
polarization direction of the ultraviolet light (1-4) by the
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half-wave plate 178, 1t 1s not limited thereto. It 1s suilicient
to perform rotation to be an angle out of ranges of from —35°
to 5°, from 85° to 95°, from 175° to 185°, and from 265° to
2'75° from the x axis in the x-y plane. Thereby, 10% of an
amplitude 1n an electric field oscillation direction can be
excluded, and therefore, polarization state disturbance com-
ponents caused by a repetitive pattern can certainly be
detected.

By the structure as described above, according to the first
embodiment, a repetitive pattern can be irradiated with the
linearly polarized ultraviolet light (1-5) not including polar-
1zation state disorder resulting from the mirror 176. There-
fore, 1f polarization state disorder 1s included 1n an acquired
reflected light, it can be determined that this disorder results
from a pattern defect. Further, 1f a repetitive pattern does not
include a defect, no polarization state disorder 1s included 1n
an acquired reflected light. Thus, 1f polarization state disor-
der 1s not included in the acquired retlected light, 1t can be
determined that a repetitive pattern does not include a defect.

In the return path, a reflected light from a repetitive
pattern smaller than the resolution limit 1s received by the
sensor 103, through, 1n order, the half-wave plate 178, the
mirror 176, the half-wave plate 174, and the polarization
beam splitter 172. It will be sequentially described below.
In the return path from the substrate 101, the ultraviolet
light (2-1) being a reflected light from a repetitive pattern
enters the half-wave plate 178 through the objective lens
104. IT a repetitive pattern does not include a pattern defect,
the ultraviolet light (2-1) 1s 1n the polarization state of a
linearly polarnized light traveling in the -z direction and
having a polarization direction (fourth electric field oscilla-
tion direction) at 45° from the x axis 1n the x-y plane. If a
repetitive pattern includes a pattern defect (or edge rough-
ness), the ultraviolet light (2-1) 1s 1n the polarization state
where a linearly polarized light component for traveling in
the —z direction and having a polarization direction (fourth
clectric field oscillation direction) at 45° from the x axis 1n
the x-y plane, and polarization disturbance components such
as elliptical polarization are mixed. If a repetitive pattern
does not 1include a pattern defect (and edge roughness), the
half-wave plate 178 rotates the polarization direction of the
linearly polarized ultraviolet light (2-1) traveling 1n the —z
direction and having a polarization direction (fourth electric
field oscillation direction) at 45° from the x axis 1n the x-y
plane 1n order to output a linearly polarized ultraviolet light
(2-2) with a polarization direction at 0° from the x axis. If
a repetitive pattern includes a pattern defect (or edge rough-
ness), the halt-wave plate 178 rotates the polarization direc-
tion of the ultraviolet light (2-1) 1n the polarization state,
where a linearly polarized light component for traveling in
the —z direction and having a polarization direction (fourth
clectric field oscillation direction) at 45° from the x axis 1n
the x-y plane, and polarization disturbance components such
as elliptical polarization are mixed, 1n order to output the
ultraviolet light (2-2) in the polarization state where a
linearly polanzed light component of a polarization direc-
tion at 0° from the x axis and polarization disturbance
components such as elliptical polarization are mixed.

In the return path, the ultraviolet light (2-2) enters the
mirror 176. If a repetitive pattern does not include a pattern
defect (and edge roughness), the mirror 176 reflects the
linearly polarized ultraviolet light (2-2) traveling 1n the -z
direction and having a polarization direction at 0° with
respect to the x axis 1n the x-y plane so as to output a linearly
polarized ultraviolet light (2-3) traveling 1n the —y direction
and having a polarization direction at 0° with respect to the
X axis i the x-z plane. Thus, 11 there 1s no pattern defect (and
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edge roughness), 1t 1s possible to perform reflection 1n the
polarization state having no disturbance. Thereby, according
to the first embodiment, polarization state disorder by the
mirror 176 can be suppressed 1n the return path. This eflect
can also be similarly acquired 1n the case of incidence of the
linearly polarized ultraviolet light (2-2) traveling 1n the -z
direction and having a polarization direction at 90° with
respect to the x axis 1n the x-y plane.

I a repetitive pattern includes a pattern defect (or edge
roughness), the mirror 176 retlects the ultraviolet light (2-2)
in the polarnization state where a linearly polarnized light
component for traveling in the -z direction and having a
polarization direction at 0° with respect to the x axis in the
x-y plane, and an elliptical polarization component are
mixed, and outputs the ultraviolet light (2-3) 1n the polar-
1zation state where a linearly polarized light component for
traveling 1n the -y direction and having a polarization
direction at 0° with respect to the x axis 1n the x-z plane,
polarization disturbance components such as elliptical polar-
ization resulting from a pattern defect, and polarization
disturbance components such as elliptical polarization
resulting from the mirror 176 are mixed.

Next, in the return path, the ultraviolet light (2-3) enters
the half-wave plate 174. The polarization direction 1s rotated
by 0 or 90° by the halt-wave plate 174. In this case, since 1t
was rotated by 90° 1n the forward path, it 1s also rotated by
90° 1n the return path. Therefore, if there 1s no pattern defect
(and edge roughness), 1n this case, the ultraviolet light (2-4)
having passed through the half-wave plate 174 1s a linearly
polarized ultraviolet light traveling 1n the —y direction, and
having a polarization direction at 90° with respect to the x
axis 1n X-z plane.

I a repetitive pattern includes a pattern defect (or edge
roughness), the ultraviolet light (2-4) having passed through
the halt-wave plate 174 1s an ultraviolet light 1n the polar-
ization state where a linearly polarized light component for
traveling 1n the -y direction and having a polarization
direction at 90° with respect to the x axis in the x-z plane,
polarization disturbance components such as elliptical polar-
ization resulting from a pattern defect, and polarization
disturbance components such as elliptical polarization
resulting from the mirror 176 are mixed.

When the halt-wave plate 174 makes a rotation by 0°
(namely, when making no rotation) in the forward path, 1f
there 1s no pattern defect (and edge roughness), since the
ultraviolet light (2-3) 1s a linearly polarized ultraviolet light
traveling 1n the -y direction and having a polarization
direction at 90° with respect to the x axis in the x-z plane,
the ultraviolet light (2-4) having passed through the hali-
wave plate 174 1s a linearly polarized ultraviolet light
traveling 1n the -y direction and having a polarization
direction at 90° with respect to the x axis in the x-z plane.
On the other hand, 1f there 1s a pattern defect (or edge
roughness), since the ultraviolet light (2-3) 1s 1n the polar-
1zation state where a linearly polarized light component for
traveling in the -y direction and having a polarization
direction at 90° with respect to the x axis 1n the x-z plane,
polarization disturbance components such as elliptical polar-
ization resulting from a pattern defect, and polarization
disturbance components such as elliptical polarization
resulting from the mirror 176 are mixed, the ultraviolet light
(2-4) having passed through the half-wave plate 174 1s 1n the
polarization state where a linearly polarized light component
for traveling in the —y direction and having a polarization
direction at 90° with respect to the x axis in the x-z plane,
polarization disturbance components such as elliptical polar-
ization resulting from a pattern defect, and polarization
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disturbance components such as elliptical polarization
resulting from the mirror 176 are mixed.

Next, 1n the return path, the ultraviolet light (2-4) enters
the polarization beam splitter 172. In the ultraviolet light
(2-4), a linearly polarized light component to be at 90° with
respect to the x axis 1n the x-z plane passes through the
polarization beam splitter 172. Therefore, 11 there 1s no
pattern defect (and edge roughness), all the ultraviolet light
(2-4) passes through the polarization beam splitter 172.
Theretfore, the sensor 105 does not receive an 1mage.

On the other hand, with respect to, for example, an
clliptical polarization component being a polarization state
disturbance, a part (component of a linearly polarized light
at 0° with respect to x axis in x-z plane: S wave component)
of the component 1s retlected by the polarization beam
splitter 172. The ultraviolet light (2-5) of a linearly polarized
light component to be at 0° with respect to the x axis in the
x-z plane, reflected by the polarization beam splitter 172,
results from the polarization disturbance just caused by a
pattern defect (or edge roughness). Therefore, 11 the sensor
105 receives the ultraviolet light (2-5), when the intensity of
the received light 1s greater than or equal to a threshold, it
can be determined that the pattern defect has been generated
at a position of measurement data which the received light
has. When the intensity of the received light 1s less than the
threshold, 1t can be determined that an edge roughness 1s
generated at a position of measurement data which the
received light has. However, in the first embodiment, the
ultraviolet light (2-5) further passes through an optical
clement before reaching the sensor 105.

Next, 1n the return path, the ultraviolet light (2-5) of the
linearly polarized light component to be at 0° with respect to
the x axis in the x-z plane, retlected by the polarization beam
splitter 172, enters the mirror 180. The mirror 180 reflects
the linearly polarized ultraviolet light (2-5) which travels in
the —z direction and whose polarization direction 1s 0° with
respect to the x axis in the x-y plane, so as to output the
linearly polarized ultraviolet light (2-6) which travels in the
x direction and whose polarization direction 1s 90° with
respect to the y axis 1 the y-z plane. Since 1t has only a
linearly polanized light component of a polarization direc-
tion at 90° with respect to the y axis, polarization state
disorder caused by the mirror 180 can be suppressed.

Next, 1n the return path, the ultraviolet light (2-6) reflected
by the mirror 180 enters the polarization beam splitter 182
(example of analyzer). According to the first embodiment, as
shown 1n FIGS. 1 and 6, the polarization beam splitter 182
(example of analyzer) i1s arranged in the optical path
between the polarization beam splitter 172 and the sensor
105. Since the ultraviolet light (2-6) 1s a linearly polarized
light traveling in the x direction and having a polarization
direction at 90° with respect to the v axis i the y-z plane,
it passes through the polarization beam splitter 182. If
polarization disturbance occurs by the 1mage forming optical
system 173, etc. after being reflected by the polarization
beam splitter 172, the polarization disturbance component
can be eliminated by making the ultraviolet light (2-6) pass
through the polarization beam splitter 182. With respect to
polarization deviation occurred after being reflected by the
polarization beam splitter 172, since 1ts direction differs
from that of polarization deviation occurred in the substrate
101, 1t 1s possible to separate it by the polarization beam
splitter 182.

Next, 1 the return path, the linearly polarized ultraviolet
light (2-7) having passed through the polarization beam
splitter 182, which travels 1 the x direction and whose
polarization direction 1s 90° with respect to the y axis 1n the
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y-z plane, 1s focused by the 1mage forming optical system
173 so as to form an 1mage on the surface of the sensor 105.
Thus, the sensor 105 receives a reflected light from the
repetitive pattern, smaller than the resolution limait, 1llumi-
nated with a linearly polarized light with a polarization
direction (fourth electric field oscillation direction) obtained
by rotating the polarization direction (third electric field
oscillation direction) of a light traveling in the z axis
direction and having a polarization direction at 0° waith
respect to the x axis in the x-y plane by an angle diflerent
from an 1mteger multiple of 90° by the halt-wave plate 178
(second half-wave plate). Thereby, the ultraviolet light (2-7)
resulting from polarization disturbance caused by a pattern
defect (or edge roughness) 1s received by the sensor 105.

According to the first embodiment as described above, 1t
1s structured not to generate, 1n the forward path, polariza-
tion state disturbance of an illumination light caused by the
mirror 176. Theretfore, i a polarization disturbance compo-
nent 1s ncluded 1n a reflected light obtained 1n the return
path, the position where a pattern defect (or edge roughness)
1s generated can be specified irrespective of polarization
disturbance resulting from the mirror 176 of the return path.

FIG. 7 1s a conceptual diagram illustrating an 1nspection
region according to the first embodiment. As shown 1n FIG.
7, an 1nspection region 10 (entire inspection region) of the
substrate 101 1s virtually divided into a plurality of strip-
shaped inspection stripes 20 each having a scan width W 1n
the y direction, for example.

The 1nspection apparatus 100 acquires an 1mage (stripe
region 1mage) from each inspection stripe 20. That 1s, with
respect to each of the mspection stripes 20, the inspection
apparatus 100 captures an 1mage ol a repetitive pattern
arranged 1n the stripe region concerned by using the ultra-
violet light (1-5) 1n the longitudinal direction (x direction) of
the stripe region concerned. Then, the XYO table 120 1s
moved 1n the x direction, and accordingly, the sensor 105,
which continuously moves relatively in the x direction by
the movement of the XYO table 120, acquires an optical
image. The sensor 105 continuously captures optical images
cach having a scan width W as shown in FIG. 7. After
capturing an optical 1mage 1n one inspection stripe 20, the
sensor 105 moves in the y direction to the position of the
next inspection stripe 20 and similarly captures another
optical 1image having a scan width W continuously while
moving in the direction reverse to the last image capturing
direction. Thereby, the 1mage capturing is repeated in the
forward (FWD) and backward (BWD) directions, namely
changing the direction reversely when advancing and return-
ng.

The direction of the image capturing i1s not limited to
repeating the forward (FWD) and backward (BWD) move-
ment. Images may be captured 1n a fixed one direction. For
example, 1t 1s suflicient to repeat FWD and FWD, or
alternatively, to repeat BWD and BWD.

The pattern 1mage focused/formed on the sensor 105 1s
photoelectrically converted by each light receiving element
of the sensor 105, and further analog-to-digital (A/D) con-
verted by the sensor circuit 106. Then, pixel data for an
ispection stripe 20 to be measured 1s stored in the stripe
pattern memory 123. When acquiring an optical image of the
ispection stripe 20, the laser length measuring system 122
measures the position of the XYO0 table 102. The measured
position information 1s output to the position circuit 107.
The position circuit 107 calculates the position of the
substrate 101 by using the measured position information.

Then, the stripe region image 1s sent to the comparison
circuit 108, with data indicating the position of the substrate
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101 on the XYO table 102 output from the position circuit
107. Measured target data (pixel data) 1s, for example, 8-bit
unsigned data (256 gray scales), and indicates a gray level
(light mtensity) of brightness of each pixel.

The stripe region 1image input into the comparison circuit
108 1s stored 1n the storage device (not shown). The com-
parison circuit 108 divides the stripe region image by a
predetermined size (e.g., the same width as the scan width
W) 1 the x direction such that the frame image of a target
frame region 30 1s clipped from the stripe region image
(optical 1mage) of the inspection stripe 20. For example, it
1s divided 1nto frame 1mages each having 512x512 pixels.
By this processing, a plurality of frame images (optical
images) corresponding to a plurality of frame regions 30 are
acquired. The size of the frame region 30 does not neces-
sarily need to be the same width as the scanning width W.

The comparison circuit 108 compares a gray scale value
with a threshold, for each pixel, and determines whether
there 1s a defect or not. If the gray scale value of the target
pixel 1s greater than the threshold, it can be determined that
the position of the pixel concerned is the position where a
pattern defect occurs. If the gray scale value of the target
pixel 1s not zero, but less than the threshold, 1t can be
determined that 1t 1s the position where edge roughness (or
measurement error) occurs. If the gray scale value of the
target pixel 1s zero, 1t can be determined that 1t 1s a normal
position where neither pattern defect nor edge roughness
OCCUrs.

Polarization disturbance resulting from edge roughness 1s
smaller than polarization disturbance resulting from a pat-
tern defect. Therefore, although the light received by the
sensor 105 also 1ncludes a polarization disturbance compo-
nent caused by the mirror 176 in the return path, even 1f a
turther polarization disturbance occurs by the mirror 176 1n
the return path in the polarnization disturbance component
resulting from edge roughness, 1t 1s still small as it 1s.
Therefore, 11 the intensity of the light received by the sensor
105 1s greater than or equal to the threshold, 1t can be
determined irrespective of polarization disturbance caused
by the mirror 176 1n the return path that the position of the
received light 1s the position where a pattern defect occurs.

Comparison results (determined results) are output to the
magnetic disk device 109, magnetic tape device 115, flexible
disk device (FD) 116, CRT 117, and pattern monitor 118, or
output from the printer 119.

As described above, according to the first embodiment, it
1s possible to detect a pattern defect even when a repetitive
pattern, being smaller than the resolution limit and having a
periodic regularity, 1s irradiated using an 1llumination optical
system where a mirror 1s arranged in the optical path.

In the above description, each * . . . circuit” includes a
processing circuitry. As the processing circuitry, for
example, an electric circuit, computer, processor, circuit
board, quantum circuit, semiconductor device, or the like
can be used. Each * . . . circuit” may use a common
processing circuitry (same processing circuitry), or different
processing circuitries (separate processing circuitries). In the
case ol using programs, the programs are stored 1n a
recording medium, such as a magnetic disk device, magnetic
tape device, FD, ROM (Read Only Memory), etc.

Embodiments have been explained referring to concrete
examples described above. However, the present mnvention
1s not limited to these specific examples. In the above
examples, a reflected light from a repetitive pattern smaller
than a resolution limit 1s received, but i1t 1s not limited
thereto. It 1s also preferable to receive a transmitted light of
a repetitive pattern smaller than a resolution limut.
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While the apparatus configuration, control method, and
the like not directly necessary for explaining the present
invention are not described, some or all of them can be
selectively used on a case-by-case basis when needed. For
example, although description of the configuration of the
control circuit for controlling the mnspection apparatus 100 1s
omitted, 1t should be understood that some or all of the
configuration of the control circuit can be selected and used
appropriately when necessary.

In addition, any other pattern inspection apparatus and
pattern ispection method that include elements of the
present invention and that can be appropriately modified by
those skilled in the art are included within the scope of the
present mvention.

Additional advantages and modification will readily occur
to those skilled in the art. Therefore, the invention 1n 1ts
broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A pattern inspection apparatus, comprising:

a first half-wave plate configured to recerve an ultraviolet
light linearly polarized in a first electric field oscillation
direction, and output a linearly polarized light polarized
in a second electric field oscillation direction obtained
by rotating the first electric field oscillation direction of
the ultraviolet light by an integer multiple of 90°;

a mirror configured to reflect the linearly polarized light
polarized 1n the second electric field oscillation direc-
tion, and output a linearly polarized light polarized in
a third electric field oscillation direction parallel or
orthogonal to the second electric field oscillation direc-
tion;

a second half-wave plate configured to convert the lin-
carly polarized light polarized 1n the third electric field
oscillation direction, which has been reflected, to a
linearly polarized light polarized 1n a fourth electric
field oscillation direction by rotating the linearly polar-
1zed light polarnized in the third electric field oscillation
direction by an angle different from an integer multiple
of 90° so as to output the linearly polarized light
polarized in the fourth electric field oscillation direc-
tion;

a stage configured to mount thereon a substrate, on which
a repetitive pattern having a size smaller than a reso-
lution limat of the ultraviolet light 1s formed, such that
the repetitive pattern 1s repeated 1n a direction parallel
or orthogonal to the third electric field oscillation
direction;

an objective lens configured to make the linearly polar-
1zed light rotated in the fourth electric field oscillation
direction by the second half-wave plate illuminate the
repetitive pattern formed on the substrate, the linearly
polarized light rotated 1n the fourth electric field oscil-
lation direction illuminating the repetitive pattern
formed on the substrate, being a linearly polarized light
obtained through the ultraviolet light linearly polarized
in the first electric field oscillation direction, the lin-
carly polarized light polarized in the second electric
field oscillation direction, and the linearly polarized
light polarized 1n the third electric field oscillation
direction 1n this order; and

a sensor configured to recerve a transmitted light of the
repetitive pattern smaller than the resolution limit or a
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reflected light from the repetitive pattern smaller than
the resolution limit, which has been irradiated with the
linearly polarized light polarized in the fourth electric
field oscillation direction obtained by rotating the third
clectric field oscillation direction by the angle different
from the integer multiple of 90° by the second hali-
wave plate.

2. The apparatus according to claim 1, further comprising:

a light source configured to emit the ultraviolet light; and

a polarization beam splitter arranged in an optical path

between the light source and the first half-wave plate.

3. The apparatus according to claim 2, wherein the
reflected light from the repetitive pattern smaller than the
resolution limit 1s received by the sensor, through, in order,
the second half-wave plate, the mirror, the first half-wave
plate, and the polarization beam splitter.

4. The apparatus according to claim 3, further comprising;:

an analyzer arranged in an optical path between the

polarization beam splitter and the sensor.

5. The apparatus according to claim 1, wherein the
substrate includes a template for nanoimprinting.

6. The apparatus according to claim 1, wherein the second
clectric field oscillation direction 1s orthogonal to a travel
direction of the linearly polarized light polarized 1n the
second electric field oscillation direction.

7. The apparatus according to claim 6, wherein the mirror
reflects, as the linearly polarized light polarized 1n the third
clectric field oscillation direction, the linearly polarized light
polarized 1n the second electric field oscillation direction
toward a direction orthogonal to the travel direction of the
linearly polarized light polarized 1n the second electric field
oscillation direction.

8. The apparatus according to claim 7, wherein the third
clectric field oscillation direction 1s orthogonal to a travel
direction of the linearly polarized light polarized in the third
clectric field oscillation direction.

9. A pattern mspection method, comprising:

reflecting by a mirror an ultraviolet light linearly polar-

1zed which 1s controlled to be 1n a first electric field
oscillation direction where the first electric field oscil-
lation direction of an 1ncident light into the mirror and
a second electric field oscillation direction of a reflected
light from the mirror are parallel to each other 1n a case
of reflecting by the mirror the ultraviolet light linearly
polarized;

controlling the second electric field oscillation direction

of the retlected light to be a third electric field oscil-
lation direction of an angle different from an integer
multiple of 90° relative to a periodic direction of a
repetitive pattern formed on a substrate repeating by a
size smaller than a resolution limit of the ultraviolet

light;
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irradiating the substrate with the reflected light having
been controlled to be the third electric field oscillation
direction of the angle diflerent from the integer mul-
tiple of 90° relative to the periodic direction of the
repetitive pattern, the retlected light having been con-
trolled to be the third electric field oscillation direction
for 1rradiating the substrate, being a linearly polarized
light obtained through the ultraviolet light linearly
polarized controlled to be in the first electric field
oscillation direction, and the reflected light polarized 1n
the second electric field oscillation direction in this
order;

recerving a pattern i1mage ol the repetitive pattern,
reflected from the substrate, by a sensor through the
mirror; and

inspecting the pattern 1mage received by the sensor.
10. A pattern inspection method, comprising:

reflecting by a mirror an ultraviolet light linearly polar-
1ized which 1s controlled to be 1n a first electric field
oscillation direction where the first electric field oscil-
lation direction of an incident light into the mirror and
a travel direction of a reflected light polarized in a
second electric field oscillation direction from the mir-
ror are parallel to each other 1n a case of reflecting by
the mirror the ultraviolet light linearly polarized;

controlling the second electric field oscillation direction
of the reflected light to be a third electric field oscil-
lation direction of an angle different from an integer
multiple of 90° relative to a periodic direction of a
repetitive pattern formed on a substrate repeating by a
size smaller than a resolution limit of the ultraviolet
light;

irradiating the substrate with the reflected light having
been controlled to be the third electric field oscillation
direction of the angle different from the integer mul-
tiple of 90° relative to the periodic direction of the
repetitive pattern, the retlected light having been con-
trolled to be the third electric field oscillation direction
for 1rradiating the substrate, being a linearly polarized
light obtained through the ultraviolet light linearly
polarized controlled to be in the first electric field
oscillation direction, and the reflected light polarized 1n
the second electric field oscillation direction in this
order;

recerving a pattern 1mage ol the repetitive pattern,
reflected from the substrate, by a sensor through the
mirror; and

inspecting the pattern 1mage received by the sensor.
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